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Torso arteries were first localized with a SSFP coronal scout. After this, each patient underwent a free-breathing SSFP scan with respiratory gating. Relevant SSFP parameters are shown in Table 1 . Free-breathing SSFP scanning was performed with time-spatial spin labeling pulse (time-SLIP) technique using a combination of a non-selective inversion pulse and a selective tag or marker pulse. A non-selective inversion pulse inverts all signals within a coil region to -Mz longitudinal magnetization. Immediately after the inversion pulse, a second spatially selective inversion pulse is applied that spins in the tagged region to bring back to the +Mz direction. In the result, the longitudinal magnetization in the tagged region is restored to +Mz, whereas the magnetization elsewhere stays at -Mz and recovery back to +Mz as following the T1 recovery. After this tagging or marking period, a variable delay time (TI) is waited for the tagged blood to travel and then the data window is taken place using 3-dimensional balanced SSFP. An inferior saturation band pulse was applied to suppress inferior vena cava, renal vein and intestine signals. The travel time or TI was set around 1,300-1,500 ms for suppression of background signals to have an appropriate contrast between "renal parenchyma" is more preferable.
Image Interpretation
All MRA were retrospectively reviewed by 2 radiologists who did not know the results of CTA and conventional angiography which were considered as the reference standard. Neither reviewer was involved in the imaging interpretation of the cases before beginning this study. Reviewers visually evaluated the significant renal artery stenosis on the following 3-point criteria: 1, (no stenosis) indicated that the image quality was good with sufficiently high arterial intensity and there was no stenosis; 2, (indeterminate) indicated that the image quality was marginally acceptable with decreased arterial intensity and there was indeterminate stenosis; 3, (stenosis) indicated that the image quality was good with sufficiently high arterial intensity and there was stenosis. Schematic representation of visual evaluation scoring is shown in Fig 1. The evaluations of the renal artery MRA were carried out by the consensus of 2 reviewers. We used a scan score of 3 to indicate significant stenosis and a score of 1-2 to indicate no significant stenosis in this analysis.
Imaging quality of non-contrast MRA with time-SLIP SSFP can be influenced by the in-flow phenomenon. Thus, difference of the intensities between the proximal and distal aorta was quantitatively evaluated. One radiologist performed operator-defined region of interest (ROI) measurements of the mean intensity of the proximal (3 cm superior to the level of renal arteries) and distal aorta (3 cm inferior to the level renal arteries) on non-contrast MRA. Circular ROIs were drawn to include the largest area in the ROI. The proximal-distal aorta signal intensity ratio (SIR) was defined as follows: (Sp -Sd)/Sp ×100(%), where Sp indicates signal intensity of the proximal aorta, and Sd indicates signal intensity of the distal aorta.
Results
Of the 26 patients, 9 had renal artery stenosis. All main renal arteries were detected on non-contrast MRA with time-SLIP SSFP. Four patients had accessory renal arteries. A total of 56 renal arteries (28 right renal arteries; 28 left renal arteries) were visually evaluated. Diagnostic Tables 1,2 . accuracy in the detection of renal artery stenosis was evaluated for each artery. Results of visual evaluation scoring on MRA were presented in Table 2 . The diagnostic accuracy results are presented in Table 3 . There were 4 false-positive cases and 2 false-negative cases. Two accessory renal arteries were undetectable on non-contrast MRA, and they were counted as false-positives. The visual evaluation scale of 2 false-negative cases was 2 (indeterminate). Representative cases are shown in Figs 2, 3 and 4.
On non-contrast MRA, the proximal-distal SIR was 16.9±12.2% (mean ± SD). The distal abdominal aorta showed less signal intensity than the proximal aorta in 23 of 26 patients (88%). Five patients had the proximal-distal aorta SIR of more than 25%. The accessory renal arteries, which were undetectable on non-contrast MRA, arose from the distal abdominal aorta.
Discussion
Contrast-enhanced MRA has been evaluated more extensively than CTA for the assessment of renal artery stenosis, probably because many patients with renovascular disease have compromised renal function and therefore at higher risk for receiving iodinated contrast. However, the gadolinium-based contrast agent might trigger NSF in patients with renal impairment. 9 Recently, non-contrast MRA with 3-dimensional SSFP technique has allowed for good visualization of renal arteries. 10 In the present study, non-contrast MRA with time-SLIP SSFP technique was evaluated.
Our study results showed that non-contrast MRA with time-SLIP SSFP technique showed high specificity (91%) and negative predictive value (96%) for the evaluation of renal artery stenosis. This indicates negative finding for renal artery stenosis on non-contrast MRA highly suggests true-negative. However, the lower positive predictive value (64%) indicates non-contrast MRA tends to overestimate the renal artery stenosis. The previous report showed sensitivity and specificity on contrast-enhanced MRA was 93% and 90%, respectively. 11 Our results with non-contrast MRA showed comparable specificity to contrast-enhanced MRA. We consider that non-contrast MRA might have a potential role as a screening technique for renal artery stenosis. Furthermore, the method is easy and fast to use, and it permits repeated imaging. However, the tendency of decrease of signal intensity in the distal aortic region was observed on non-contrast MRA with time-SLIP SSFP. This might be mainly because of the in-flow phenomenon and cardiac phase. Further technical improvement such as addition of cardiac gating should be necessary to increase the sensitivity, although sensitivity of 78% might be acceptable.
Depiction of accessory renal arteries is a challenge for MRA. In our study, 2 out of 4 accessory renal arteries were missed on non-contrast MRA. These 2 arteries are very small and arose from the distal abdominal aorta. Such small arteries can be possibly missed. Combined assessment with an additional breath-hold SSFP scan might be preferable. Furthermore, in order to confirm the presence of accessory renal artery, CTA with multidetector CT can be helpful because the high temporal and spatial resolution of the CT scanner with 16 or more detectors allows excellent angiographic images by a low-dose contrast material. 12 There are several limitations in our study. First, our study group was small and the study was performed in a single institution on a single MR scanner. The multi-institution prospective study with larger study population should be conducted to validate the concept of time-SLIP SSFP technique as a screening tool for renal artery stenosis. Second, no patients with stenosis of distal segment of renal artery were included in our study, and it remains unclear how well non-contrast MRA performs for detection of distal renal arterial stenosis. Third, the time-SLIP SSFP will not always work. The image quality and vessel opacification of this technique considerably depends on in-flow phenomenon, and thus the slow vessel flow might cause the impaired diagnostic accuracy in patients with an aortic aneurysm. Fourth, the comparison between non-contrast MRA and ultrasonography was insufficient. Ultrasonography is recommended for initial screening of renal artery stenosis for impaired renal function. 13 Ultrasonography is the firstchoice examination for renal artery stenosis in our hospital. When the finding of ultrasonography was significant, MRA was not performed. In the present study, 6 patients underwent both ultrasonography and MRA because the patients with obesity and impaired breath-hold capability showed equivocal findings on the ultrasonography. The renal arteries of the 6 patients were normal on MRA (Fig 4) . Comparison with other modalities such as ultrasonography and radionuclide renography should be conducted in the future study.
In conclusion, non-contrast MRA with time-SLIP SSFP technique is a non-invasive and effective method that allows evaluation of the renal artery stenosis. Furthermore, non-contrast MRA might potentially reduce the risk of NSF in patient with suspected renal artery stenosis.
